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Abstract— Liquids or medications administered through 
intravenous systems (infusion) is necessary when a patient 
requires immediate medication or requires slowly and 
continuously administered medications. This method is 
considered adequate in certain situations; however, the 
liquids/medications administration of through infusion has a 
risk when the nurse is late in replacing intravenous fluid. In this 
study, the system was designed to monitor the fluid infusion level 
by utilizing a short text message system. This system will provide 
information when the infusion fluid level is at 50 ml, 20 ml, and 
0 via SMS. Moreover, a buzzer is utilized that acts as an alarm 
when the reaching 20 ml level, and infusion fluid have not been 
replaced yet, and when the intravenous fluid does not drip. 
Infra-red sensors and photodiodes are used to detect 
intravenous droplets of fluid, which are then used to calculate 
fluids' volume. The system is controlled using an Atmega 328 
microcontroller. SIM Modem 900 is used to send SMS. Based on 
tests carried out, infusion fluid level monitoring systems have 
excellent performance. The percentage of system errors when 
detecting fluid level infuse is 1,21%. The function of sending 
fluid level information through SMS also works well 
Keywords— Infusion fluid level, SIM 900, IR, photodiode 
I. INTRODUCTION 
Infusion is a method of inserting l.iquids or medications 
through intravenous pathways or directly into the blood 
vessels [1]. Administration of fluid or medications with an 
intravenous route is carried out if the patient needs medicines 
that should be absorbed by the body very quickly or require 
medication or fluid at a constant rate within a specified 
period. In this condition, usually, the patient is no longer 
possible to be given oral medication, for example, patients 
with dehydration (lack of fluid), exposed to heart attack, 
stroke, or poisoned. In addition, giving fluids or drugs 
intravenously is also carried out in administering analgesic 
drugs [2], giving contrast fluids [3, 4], and can be used for 
sports athletes [5]. 
In the provision of infusion fluid to patients, several 
things should be considered, such as the liquids type, the 
liquids amount (volume), and their rates. The amount and 
rates of intravenous fluids administered into the patient's 
body depend on the condition of health, weight, and age of 
the patient. Improper administration of infusion fluid, such as 
too much or too little liquid, as well as a fluid rate that is too 
fast or too slow, will cause new problems for patients [6], 
especially for children [7] and elderly patients [8]. Besides, 
supervision must also be performed during intravenous 
administration, especially in the case of intravenous 
replacement of fluids. The process of replacing the minimum 
level reached infusion fluid should be done quickly and 
precisely. Delays in the infusion fluid replacement can cause 
unwanted problems such as air embolism and blood clotting 
[9-11]. Air embolism can cause air bubbles inclusion into the 
heart or lungs, and the clotted blood can be sucked into the 
blood capillary vessels causing the blood flow to become 
obstructed. Air embolism on the human body is very 
dangerous. It can even lead patients to death [12-14]. 
In ideal conditions, administering the infusion fluid to the 
patient should be controlled and periodically monitored by 
the nurse. However, sometimes many patients often cause a 
nurse's negligence in overseeing the administration of 
infusion fluid to the patient. Recently, many systems to detect 
the level of intravenous fluids given to patients have been 
developed. In previous studies, the level of intravenous fluids 
entering the patient's body was measured using an analytical 
model [15], microwave TDR [16], learning-based computer 
vision [17,18], electrode [19], and optical sensor[20-23]. 
However, these studies have only recently developed a 
system for detecting fluid levels or the flow of intravenous 
fluids that have not yet reached the stage of providing 
information or warning to nurses in charge of patients. 
Infusion Fluid Level Monitoring system was once developed 
by Riskitasari et al. [6] using NRF24L01. The system has 
been successfully detected for an almost depleted infusion 
fluid level, but the use of NRF24L01 communication is still 
limited to 25 m and less effective when used in large and 
multilevel environments. The development of a monitoring 
system for intravenous fluids using radiofrequency has been 
carried out in [24,25]. The use of radio frequencies in the 
transmission of information is very susceptible to 
interference because frequency radio waves are quickly 
interrupted. Previous research has also developed a 
monitoring system for intravenous fluid levels using a 
wireless communication system [26-29]. The disadvantage of 
using this wireless communication system is the installation 
of a system that requires high costs and the complexity of the 
system being built. 
In this study, the infusion fluid monitoring system on 
SMS Gate Away was developed. The use of SMS Gateway 
in information delivery will be beneficial since its ability 
reaching a wide area, and the signal used rarely get 
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interference [30]. The designed system will provide 
information to nurses when the infusion fluid level is at 50 
ml, 20 ml, and 0 via SMS. Also, the system is also equipped 
with a buzzer that acts as an alarm when the infusion fluid 
reaching 20 ml level, has not been replaced, and when the 
intravenous fluid does not drip. Infra-red sensors and 
photodiodes are used to detect intravenous drip fluid, which 
is then used to calculate the volume of liquids. The system is 
controlled using an Atmega 328 microcontroller. SIM 
Modem 900 is used to send SMS. 
II. MATERIAL AND METHODS 
a.  Intravenous infusion 
Intravenous infusion, also known as drips, is a form of 
therapy by inserting fluids directly into the blood vessels. The 
route of intravenous administration can be in the form of a 
drug injection using a syringe or by the infusion method, 
which usually utilizes the earth's gravitational force. The use 
of the infusion method is the fastest way to administer fluids 
or drugs into the human body because they are given directly 
into the circulatory system. Giving fluids by infusion is 
usually done if the patient is not possible to be given oral 
medication and also if the patient needs prompt treatment. 
Nowadays, we are facing the Industrial Revolution of 4.0 
where the use of technology in everyday life has become 
more and more prominent and more, including technology 
application in medical equipment in the field.  Medical 
equipment equipped with electronic systems can take more 
into account the precision and accuracy. One of the examples 
that have been developed is the nurse call. With nurse call, 
nurses will be facilitated because it can work more effectively 
and efficiently and can reduce the risk of negligence done by 
the nurse. Development of infusion fluid level monitoring 
system with long-distance nurse call.  
In this study, an infusion fluid level monitoring system 
using Away Gate SMS and IR sensors and photodiodes was 
developed. The use of SMS Gateway in information delivery 
will be effective because it can reach a wide area, and the 
signal used rarely get interference. IR sensors and 
photodiodes are used to detect drip infusion fluid, where the 
level of infusion fluid is determined based on the number of 
droplets detected by the sensor. The drip count conversion is 
carried out by referring to the droplet factor that belongs to 
the infusion macro set i.e., 10, 15, and 20. The numbers on 
the infusion set of this macro are determined based on the 
diameter infusion hose used. It affects the infusion fluid rate 
in patients where the equation administers the rate of infusion 
fluid as, 
 
Fluid rate (ml / min)  =  





x  = infusion fluid volume (ml) 
A  = drip factor (10, 15, or 20) 
t  = time (minutes) 
 
b.  System Design 
The design of the infusion fluid level monitoring system 
consisted of hardware design and software design. The 
hardware design is how the system can be realized using the 
necessary tools. The system-designed block Diagram is 





Fig. 1. System Design Block Diagram 
 
At the hardware design of the infusion fluid level 
monitoring system, lithium 3,7 Volt DC batteries are used as 
the entire circuit voltage source. The batteries used then 
recharged using the charger circuit and in the battery-
operated, and there is a step-up module that serves to increase 
the battery voltage to 5 Volt DC. IR Sensors (InfraRed) and 
photodiodes then working continuously to detect drip 
infusion fluid. Photodiodes detect drip infusion fluid, and the 
sensor will transmit the signal to Atmega The microcontroller 
will then process the signals provided by the IR sensors and 
the photodiode. After the data finishes processing, the 
microcontroller will send the inputs to display on the LCD, 
input to the buzzer, and SIM module 900. The SIM 900 
module will then transmit the processed data to the nurse's 
phone.   
In order to make the designed system design work as 
desired, the design was arranged as shown in Figure 2. 
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Fig. 2. System flowchart 
When the appliance is switched On (by pressing the On/OFF 
button), the LCD and SIM 900 will initialize in preparation 
for the next process. The LCD will then display the initial 
volume, the room, and the Batterie status. Next, the user can 
perform the desired volume and room reset. Once the 
appliance is run, the device detects drip infusion fluid, if drip 
infusion fluid is not detected, then the buzzer will light up, 
and the nurse or user will receive a notification that the 
infusion fluid does not drip. After the first drip is detected, 
the appliance will send the nurse's information regarding the 
volume and room where the infusion fluid is placed. 
Afterward, fluid infusion volume through drip fluid amount 
calculation will be carried out. When the remaining infusion 
fluid stays 50 ml, the device will inform the nurse via SMS. 
If the nurse has replaced the infusion fluid, the device will 
repeat the process from scratch. However, if the infusion fluid 
has not been replaced, the appliance will continue the 
calculation of fluid infusion volume. When the remaining 
fluid reaches 20 ml, the instrument will again provide 
information to the nurse, and the buzzer will remain active. If 
the infusion fluid has not been replaced, the calculation of the 
volume will continue until the rest of the infusion fluid is 
depleted, and then the appliance will inform the nurse, and 
the buzzer will continue active. 
III. RESULT AND DISCUSSION 
To determine if the designed system can work under the 
desired and excellent performance, several tests have been 
carried out, namely, voltage sensor when there are droplets 
and no droplets testing, the volume of infusion fluid testing, 
and SMS delivery to the phone nurse testing. The following 
is the result of the tests.. 
 
a. Sensor Voltage Test 
The first test is the sensor voltage testing; this test was 
done by measuring the photodiode sensor's output voltage 
when infusion fluid drip and when the infusion fluid did not 
drip. The test aimed to determine the voltage limit to be 
processed in Atmega 328 to detect drip infusion fluid. The 
data will then be processed to calculate the volume of 
infusion fluid that has been absorbed by the body. The 
voltage testing results in photodiodes sensors indicated by 
table 1 as follows.  
TABLE I. OUTPUT SENSOR VOLTAGE TEST RESULT 
No Fluid drip voltage  Fluid not drip voltage 
1 4.50 V 4.54 V 
2 4.52 V 4.54 V 
3 4.51 V 4.54 V 
4 4.45 V 4.54 V 
5 4.50 V 4.54 V 
6 4.44 V 4.54 V 
7 4.48 V 4.54 V 
8 4.48 V 4.54 V 
9 4.51 V 4.54 V 
10 4.51 V  4.54 V 
 ?̅? =   4.49 volt ?̅? =   4,54 volt 
 
Based on the test results indicated by table 1. it appeared that 
when the sensor detects a drip infusion, the resulting average 
voltage is 4,49 volts, and the sensor output voltage varies 
from 4,44 volts to 4,52 volts. It was different from the 
condition of photodiodes sensors that do not detect drip 
infusion where the resulting output voltage is constant in the 
number of 4,54 volts. 
 
b. Infusion Volume Test 
The second test was testing the volume of the infusion 
fluid. The purpose of this test was to find out if the volume 
calculation algorithm of an infusion fluid designed to run 
well. This test was done by comparing the volume of fluid 
indicated on the infusion bottle with the volume indicated on 
the LCD. The results of the infusion fluid volume test are 
shown in table 2.  













1 500  500  0 0 
2 450  45090 0.9 0.2 
3 400  400.80  0.8 0.2 
4 350  350.70  0.7 2.45 
5 300  300.70  0.7 2.1 
6 250  250.85  0.85 2.12 
7 200  200.85  0.85 1.7 
8 150  150.90   0.9 1.35 
9 100  100.85  0.85 0.85 
Mean 0.72 1.21 
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Table 2. indicates that a small error percentage value is 
0, and the most significant error percentage is 2,45%, with a 
percent error mean of 1,21%.  It suggests that the designed 
device has worked as desired and has an excellent 
performance, proven by the measurement accuracy of more 
than 90%. 
 
c. SMS Delivery Test 
The last test was testing the SMS sending to the nurse's 
phone. This test aimed to determine if the SIM 900 system 
has been able to send SMS in the specified conditions. The 
result of this SMS delivery test is demonstrated by Table 3. 
a.TABLE III. SMS DELIVERY TEST RESULTS 
No Fluid conditions Description 
1 500 ml Sms sent 
2  50 ml Sms sent 
3 20 ml Sms sent 
4 0 ml Sms sent 
5 No drip Sms sent 
 
Based on the data shown in table 3. it appears that the 
designed system has been able to send SMS on the phone on 
the specified conditions. An example of SMS sent to mobile 




Fig. 3. The result of sending SMS to mobile 
 
Based on the tests that have been conducted, the designed 
device demonstrated the effectiveness of the use of an SMS 
based system for monitoring the level of fluid infusion. This 
system utilizes LED and Photodiode sensors to detect every 
drop of intravenous fluid that will enter the patient's body. 
Each detected drop will then be counted and converted into 
milliliters. Table 2 shows the comparison between the results 
of the calculation of the volume of fluids by the system 
designed with the actual volume listed on the infusion fluid 
bag. The results of this intravenous fluid volume test show 
excellent results with an accuracy of about 98%. This 
indicates that the designed system has succeeded in 
establishing the desired performance. The test results showed 
that the SIM900 Modem successfully sent short messages to 
the responsible nurse’s phone. Table 3 shows that when the 
system detects the first drop, it has succeeded in sending 
SMS. Likewise, at the time, the remaining fluid volume 
remains 50 ml, and for 20 ml, 0 ml device has also managed 
to provide a buzzer warning. 
 
IV. CONCLUSIONS 
Based on the results of the testing of infusion fluid level 
monitoring tools that have been done, it can be concluded that 
the monitoring system of infusion fluid level has been 
designed to successfully detect the fluid infusion level well 
with the percentage of errors in volume measurement is 
1,21%. This device has also managed to provide a buzzer 
warning and send the information in the form of SMS 
messages to the nurse when infusion liquid 500ml, 50 ml, 20 
ml, 0 ml, and when the infusion fluid does not drip. 
For further research development, it is advisable to add 
a bubble detector in infusion fluid, and the monitoring system 
can be developed using an Android application that comes 
with patient bed number information.  
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